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TITLE; HTGH FREQUENCY SINGL E-POLE MULTIPLE-THROW SWITCH 

WITH GAIN PERFORMANCE 

BACKGROUND OF THE INVENTION 

The present invention relates to a high frequency 
single-pole multiple-throw switch with gain performance 
and more particularly to the circuit of a single-pole 
multiple-throw switch composed of transistors • 

The switch of the present invention is 
particularly suitable for switching vertical and 
horizontal polarized satellite signals. The currently 
common switching elements used in switching or 
selecting high frequency signals are relays or PIN 
diodes. In the case of utilizing the relay as the 
selection switch, however, since the relay is a 
mechanical elements, it will has higher failure rate 
and shorter life-span, in comparison with the 
electronic elements, when the temperature is too high 
or too low- Besides, since relay is a passive element, 
it can not provide any gain to the signals. The 
utilization of the PIN diode as the selection switch 
can avoid the problems of high failure rate and short 
lifetime as presented in the utilization of the relay • 
However, it requires more elements to achieve same 
degree of signal isolation (4 to 8 PIN diodes are 
usually needed to achieve 20 dB isolation in UHF for a 
switch) . In addition, such type of circuits will 
usually cause signal loss and therefore can not provide 
gain, either. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide 
a reliable and long-life selection switching circuit 
with less elements, simple circuit structure and gain 
performance which utilizes transistors as the switching 
elements. The signal selection is controlled by 
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switching the operating bias voltages of the 
transistors to make the transistors operated in a 
linear region or a cutoff region. The present 
invention also makes a deliberated arrangement for the 
5 matching network that is necessary for the input and 
output of the transistors to be connected such that the 
structure of the switching circuit becomes simpler and 
the design of this type of circuit is easier. 
Furthermore, since such transistors are cheaper 

10 elements with gain performance, extra amplifiers are 
not needed to compensate the signal loss in the circuit 
of the present invention. Therefore, the cost of the 
circuit can be further reduced. 

These and other objects, advantages and features 

15 of the present invention will be more fully understood 
and appreciated by reference to the written 
specification . 

gjttFF PSSCPIPTIQN of yHE DRAWINGS 

Fig. 1 is an illustrated diagram of a general 
20 circuit which uses BJTs (bipolar junction transistors) 
as amplification elements; 

Fig. 2 is a circuit block diagram of a first 
embodiment of a single-pole multiple-throw switch 
circuit in accordance with the present invention; 

25 Fig. 3 is an equivalent circuit diagram of the 

circuit shown in Fig. 2; 

Fig. 4 is a circuit block diagram of a second 
embodiment of a single-pole multiple-throw switch 
circuit in accordance with the present invention; 

30 Fig- 5 is a circuit block diagram of a third 

embodiment of a single-pole multiple-throw switch 
circuit in accordance with the present inventi n; 



Fig. 6 is a diagram circuit of the input voltages 
of the circuit shown in Fig, 5; and 

Fig- 7 is a table showing the relationship of the 
input voltages and the outputs of respective terminals 
A D in Figs. 5 and 6. 

DKTATIjED description of THE PREFERRED embodiment 
Now please refer to Fig. 1 which illustrates a 
circuitry diagram using bipolar junction transistors 
(BJTs) as amplifying elements. As shown in this 
figure, in order to make a signal source 10 match with 
the input port of the transistor and make a load 14 
match with the output port of the trans is t or , it is 
necessary to connect the input port and the output port 
of the transistor BJT respectively through an input 
matching network 11 and an output matching network 12 
to obtain performance expected. Capacitors C B and C c 
are respectively used as DC blocking capacitors on the 
input and output ports of the BJT. The purpose of 
these capacitors is to prevent the base voltage V B and 
the collector voltage V c of the BJT from being affected 
by the input and output matching networks 11 and 12. 
Radio frequency chokes (RF chokes) RFC B and RFC C are 
used in preventing AC signals from being affected by 
the DC circuit of Fig. 1. Parameters Zin and Zout 
represent the input impedance and the output impedance 
of the BJT, respectively. 

Those who are skilled in this art may use other 
bias circuits or change the values of C B , C c , RFC B and 
RFC C to turn them into part or all of the matching 
networks to reduce the number of the elements of the 
matching networks. 

Further, the type of BJT has a characteristic that 
when the bias voltage thereof falls within the linear 
region of the V (voltage) - I (current) characteristic 
diagram, such a transistor has an amplification 



function for high frequency and has specific input and 
output impedance Zin and Zout. While in the cutoff 
region of the V-I curve, the transistor has no longer 
the amplification function and the impedances Zin and 
Zout will approach to infinite (it is because when the 
p-n junction of the BJT is reverse biased , the reverse 
saturation current flowing through the junction is very 
small and the impedance Z ** V /I) . 

Accordingly, the present invention utilizes the 
above characteristics of the bipolar junction 
transistors, i. e. , the transistor amplifies the 
signals when its operation region falls within the 
linear region, while in the cutoff region, the 
impedance Zin and Zout are extremely high, to design a 
switching circuit. As most of the manufacturers of 
high frequency transistors today are able to 
effectively control the quality of the transistors so 
that the parameters required for the transistors do not 
carry large deviation during mass production* 
Therefore, the switching circuit of the present 
invention will not have large quality deviation during 
the mass production. 

In designing the high frequency switching 
circuits, on one hand, it requires a good impedance 
matching between the input port and the signal source 
and between the output port and the load when the 
signals are passing to reduce signal loss. Using 
transistors as signal-passing elements, in the 
condition of good signal matching, can not only 
eliminate the signal loss but also provide a gain to 
the signal. On the* other hand, the transistors are 
able to reject unwanted signals so as to have a good 
signal isolation when it is cut-off. By using the 
characteristic of transistors of providing a high 
impedance in the cutoff region, a mismatch manner 
between the signal source and the switching circuit can 



be achieved so that the reflected signals can be 
prevented from entering the switching circuit. 

Xt can also add a switch between the switching 
circuit and the signal source of the present invention 
so that when the transistor of the present invention is 
cutoff, the signal source will be switched to a dummy 
load to eliminate the mismatch of the signal source. 
Such a technique is also falling within the scope of 
the present invention. 

Another special feature of the present invention 
resides in that, as shown in Fig. 2 and 5, the present 
invention uses a plurality of transistors (BJT1 and 
BJT2 in Fig. 2 and BJT1 — BJT4 in Fig. 5) as switching 
elements, each of which connects with a respective 
input matching network (31 and 32 in Fig. 2 and IMN1 — 
IMN4 in Fig. 5} , and there is only one signal output 
matching network (element 36 in Fig. 2 and OMN in Fig. 
5) connecting with the outputs of all of the 
transistors. it is because that if each transistor has 
its own independent output matching network, there will 
be interference between individual output matching 
networks and it will be difficult to compute the values 
of elements in each matching network. The present 
invention utilizes the characteristic of the transistor 
which provides high output impedance in the cutoff 
region, and ensures that only one transistor is in the 
operation regions at one time and connects the output 
of each transistor to a common junction (junction J as 
shown in Figs. 2, 4 and 5). Therefore, the output 
impedance at the junction J of the switching circuit of 
the present invention will be very close to that of a 
single transistor so that only the parameters of one of 
the transistors have to be considered in designing the 
output matching network 36. Another advantage of the 
present invention is that the number of the elements 
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desired in the matching circuit is reduced so as to 
save the space and cost of the switching circuit. 

In the embodiment of Fig. 2, when the transistor 
BJTl is operating in the linear region and the 
5 transistor BJT2 is in the cutoff region, by means of 
various bias voltage controlled by a bias voltage 
controlling circuit 35, the circuit of Fig. 2 will be 
equivalent to that of Fig. 3. At this situation, the 
input and output of the transistor BJT2 are deemed as 

10 open. Therefore, on one hand, the signal from the 
signal source 33 can enters the input matching network 
31 and is amplified by the transistor BJTl and then is 
coupled into the load 37 via the output matching 
network 3 6 without being affected by the another 

15 transistor BJT2. On the other hand, the signal from 
the signal source 34 is reflected back by the 
transistor BJT2 and can not be amplified by the 
transistor BJT2. In this manner, the switching circuit 
of the present invention can amplify the desired 

20 signals and reject the unwanted signals which is 
function as a high frequency single-pole double-throw 
switch with good signal isolation. 

Fig. 4 shows a second embodiment of the present 
invention, in which N-channel JFET (JFET1 and JFET2) is 

25 used as amplifying elements and a switch 41 instead of 
the bias voltage controlling circuit 35 in Fig. 2 is 
used to control the bias voltage. It should be noted 
that bias voltage Vss is a negative voltage which is 
lower than the pinch-off voltages V pi and V p2 of both 

30 JFET1 and JFET2 . When the switch 41 connects the Vss 
to the gate DC inserting point (K point in Fig. 4) of 
the JFET1 (as the connection shown in Fig. 4}, the 
JFET1 enters into the cutoff region and stop amplifying 
the signal coming from the signal source I/Pl. At the 

35 time, the signals coming from the source 1/P2 enters 
into the transistor JFET2 via an input matching network 
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IMN2 and are amplified by the transistor JFET 2 and 
output to an output matching network OMN without 
interference by the signals from the signal source 
I/Pl. 

5 The JFETs used in the above embodiment are self- 

biased and it should be easy for those who are skilled 
in this art to find out the values of the parameters of 
R D , R G , R s and C s for biasing the JFET to the required 
operation region. 

10 Fig. 5 shows the connection and the control method 

of a single-pole quadruple-throw switching circuit 
using BJTs as switching elements. In this figure, 
points A, B, C and D represent the respective base DC 
inserting point of the switching elements BJT1 — B JT4 . 

15 Due to the RF choke RFC, the DC voltages inserting into 
these points have good isolation and do not effect the 
high frequency AC signal. If the voltage on any one of 
these points drops below the base-emitter turn-on 
voltage V BE (typical 0.7 V), the BJT transistor 

20 corresponding to this point will be cutoff. 

The switching circuit of Fig. 5 uses five voltage 
comparators Q1-Q5 to control the voltages input to the 
transistors BJT1 — BJT4, as shown in Fig. 6. The 
present invention is designed according to the 

25 characteristic of the active push-down function of the 
voltage comparator which is opened when disabled and is 
grounded when enabled so that only one BJT is in the 
linear region and the rest of the BJTs are in the 
cutoff region when any voltage in the range of 0 - vcc 

30 is input. The relationship of the control voltages and 
the transistors is as shown in the table of Fig. ■ 7. 
Further , the voltage comparator commomly-used in the 
present invention is the commerical-used comparator No. 
JM 339. 
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In addition to being the bias resistors of the 
BJT, the resistors Rl and R2 in Fig, 5 are also the 
pull-up resistors of the comparators Ql - Q6. 

When two or more active push-down elements are 
5 connected to a puli-up resistor and when one of which 
is enabled, the voltage at the junction will become 
Low. This kind of circuit configuration is called 
wire-AND connection. The comparators Q2, Q3, Q4 and Q5 
in Fig. 6 are connected in the wire-and configuration. 

10 The present invention may be connected by the 

wire-AND conf iguration as shown in Fig. 6 to achieve a 
more flexible control circuit such that each BJT can be 
controlled by multiple active push-down elements and 
each active push-down element can interface with 

15 various switches, transducers and logic circuits. In 
comparison with the well known circuits with relays and 
PIN diodes, the present invention is easier to 
interface with external devices* 

The single-pole quadruple-throw switch of Fig. 5 

20 of the present invention has great commercial value in 
the distribution of satellite television signals. 
Since the bandwidth of the home satellite receiver is 
limited and the number of satellites and the programs 
are increasing day after day, some additional coaxial 

25 cables may be needed for each satellite to transmit the 
satellite signal to the subscriber after the signal 
frequency is block down converted by a low noise block 
down converter. The cost in this case, however, will 
be too high. Besides, most of the current satellite 

30 subscribers only use one coaxial cable to connect the 
outdoor antennas (more than two antennas) . Therefore, 
the reasonable approach is to switch various satellite 
signals by a multiple-port high frequency switch. The 
single-pole multiple-throw high frequency switch 

35 according to the present invention is exactly the best 



selection. The present invention has the following 
advantages: 

(a) The circuit provide a gain to compensate the 
signal loss and has good signal isolation ; 

(b) The circuit has a higher reliability and a 
longer lifetime in comparison with the conventional 
circuit with relays; 

(c) The circuit needs less elements (in comparison 
with the circuit with PIN diodes) and the circuit 
structure is much simpler since the circuit needs not 
compensation amplifiers and only one output matching 
network is needed; 

(d) The cost of the circuit is low; and 

(e) The circuit is easy to be interfaced with 
various control signals since each BJT is controllable 
by the wire-AND connection. 

it can construct a multiple-pole multiple-throw 
switching circuit by combining a number of single-pole 
multiple- throw switching circuits of the present 
invention. Of course, the multiple-pole multiple-throw 
switching circuit will not depart from the scope of the 
present invention - 

As various possible embodiments might be made of 
the above invention without departing . from the scope of 
the invention, it is to be understood that all matter 
herein described or shown in the accompanying drawing 
is to be interpreted as illustrative and not in a 
limiting sense. Thus it will be appreciated that the 
drawings are exemplary of a preferred embodiment of the 
invention. 



PLAIMS 

1. A high frequency single-pole multiple-throw 
switch , compri s ing : 

a plurality of input ports; 

a plurality of switching means having the same 
number as the input ports; each comprising: 

an input matching network connected with one 
of the input ports; and 

a transistor of which an input electrode is 
connected with the output of the input matching 
network; 

a junction connecting all outputs of the 
transistors of the switching means together; 

a single output matching network being coupled by 
said junction; and 

a DC voltage biasing network for providing bias 
voltages for respective transistors so that when 
switching a certain input signal , only one of the 
transistor is operated in a linear region and the other 
transistors are operated in cutoff regions. 

2. A high frequency single-pole multiple-throw 
switch as claimed in Claim 1, wherein said transistors 
are bipolar junction transistors and are arranged as a 
common emitter mode. 

3. A high frequency single-pole multiple- throw 
switch as claimed in Claim 2, further comprising a 
plurality of active push-down elements each connected 
to a DC inserting point of the base of either of the 
transistor , wherein one or more push-down elements are 
used to push the base voltages of the transistors down 
below forward operating bias voltages thereof so as to 
force the transistors to operate in the cutoff region. 

4. A high frequency single-pole multiple-throw 
switch as claimed in Claim 1, 2 or 3, being used for 
switching a number of different satellite signals to a 
satellite signal receiver. 
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5. A high frequency single-pole multiple-throw 
switch substantially as hereinbefore described with reference 
to, and as illustrated in, Figures 2 and 3, or Figure 4, or 
Figures 5 and 6, of the accompanying drawings. 
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